INTRODUCTION
============

Breast-conserving surgery (BCS) is the standard procedure used to treat early breast cancer. Considering the postoperative cosmetic results is also important when performing such surgeries. However, when the excision volume exceeds 20% of the breast volume, it is difficult to achieve good cosmetic results \[[@B1]\]. Operations performed to achieve both oncological radicality and good cosmetic results are referred to as oncoplastic surgery. Although many oncoplastic techniques have been reported, therapeutic mammoplasty using reduction mammoplasty is the most popular oncoplastic technique \[[@B2]-[@B4]\]. Therapeutic mammoplasty is best suited for Western women who have fatty large-sized breasts. However, the breast size of most Japanese females is relatively small and dense; thus, therapeutic mammoplasty is unsuitable for many Japanese patients.

An abdominal advancement flap (AAF) is a flap that is pulled up using the skin and the subcutaneous tissue that was under the original inframammary fold (IMF). It is a method that can be used to create the shape of the inferior portion of the breast by making a neo-IMF. This flap has been reported as an auxiliary method for breast reconstruction using a prosthesis or autologous tissue after mastectomy \[[@B5]-[@B9]\]. Recently, we began to use an AAF to fill the defect after BCS that included the lower part of the breast in the excision range. Although there is not much volume provided by the AAF, it is sufficient to help fill the defect left after BCS for small breasts. Moreover, it can also be used for filling a relatively large defect if it is combined with other volume displacement techniques. We report AAF for BCS and cosmetic results.

CASE REPORTS
============

We analyzed seven patients who underwent breast remodeling using an AAF or a method combining an AAF with other volume displacement techniques after partial mastectomy from October 2010 to May 2012. A summary of the patient characteristics is shown in [Table 1](#T1){ref-type="table"}. The preoperative evaluation was performed by a breast surgery group. This procedure was indicated for cases whose excision volumes were 15% to 35% of the total breast volume, even if other volume displacement techniques were combined with AAF. Because it is difficult to fill up the defect in the upper portion of the breast by using AAF, patients with breast cancer in the upper portion of the breast were not included. Further, due to the fact that the cases needed a skin incision in the inframammary fold and/or had fatty large-sized ptotic breasts which were not considered to be indicated for remodeling using an AAF, these cases were also removed. The excision volume compared to the total breast volume was estimated by using a preoperative photograph of the markings made for the partial resection area by nine independent observers (eight breast surgeons and one plastic surgeon).

The average age of the patients was 54.1 years (range, 42-71 years). The location of the tumor was the central portion in one patient, the outer portion in two, the lower portion in one, and the inner portion in three patients. An AAF procedure with only mobilization of the gland flaps was performed in two cases, an AAF procedure with lateral mammoplasty and the extended mobilization of the gland flaps was performed in one case ([Figures 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}), an AAF with a modified round block technique (RBT) was performed in one case ([Figures 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}), an AAF with a RBT was performed in one case ([Figures 5](#F5){ref-type="fig"}, [6](#F6){ref-type="fig"}) and an AAF procedure with medial mammoplasty was performed in two cases ([Figures 7](#F7){ref-type="fig"}, [8](#F8){ref-type="fig"}).

After marking the partial resection area with the patient in the supine position, the original IMF and a neo-IMF were drawn. The position of the neo-IMF was about 3 cm below the IMF. When other volume displacement techniques were combined with the AAF, we also marked a skin incision line required for these techniques.

In the case shown in [Figure 1](#F1){ref-type="fig"} (case 3), an AAF was combined with a lateral mammoplasty and the extended mobilization of the gland flaps; thus, the skin resection line on the tumor and the line around the areola (an incision line like a racquet) were marked. The incision line was adjusted in order to prevent the deviation of the nipple-areola complex (NAC). The slashed area was the only de-epithelialized portion ([Figure 1A, B](#F1){ref-type="fig"}). After a partial resection of the breast is performed, the extended glandular flap is made by freeing the breast from both the skin and the pectoralis fascia up to the subclavicular area that was marked before surgery. While making the flap, it is important to undermine the skin of the subclavicular area so that the subcutaneous fat might remain thick gradually toward the cranial side. It is important to keep the perforators of the internal mammary artery intact as well. This flap is moved to the breast area where the tumor has been removed. After the flap is inserted, it is then secured to the surrounding breast tissue with absorbable sutures ([Figure 1C](#F1){ref-type="fig"}). However, because the surrounding tissue was not sufficient to fill the defect of the lower region of the breast, the volume of the inframammary region was created using an AAF. The procedure for the AAF is relatively simple. First, the elevated abdominal skin was pulled up onto the chest. A drain tube was then placed under the skin from below the neo-IMF. After that, absorbable interrupted sutures were inserted into the subcutaneous tissue and the dermis layer of the neo-IMF from the inside. After creating the neo-IMF, it was checked by the elevation of the flap with traction on the sutures ([Figure 1D](#F1){ref-type="fig"}) and the sutures were tied to fix the neo-IMF. Finally, the skin was sutured.

In the case shown in [Figure 3](#F3){ref-type="fig"} (case 4), an AAF was combined with a modified RBT; hence the outer and inner incision lines around the areola were marked. The distance between the inner and outer incision line was adjusted in order to prevent the deviation of the NAC. That is, on the excision side, the distance between the inner and outer incision lines was as close as possible, and on the other side, the distance between the inner and outer incision line was larger ([Figure 3A](#F3){ref-type="fig"}). After the skin incision was made, the skin was undermined with subcutaneous fat upon reaching the neo-IMF marked before surgery. Next, a partial resection of the breast was performed. By mobilizing the gland flaps off the pectoralis muscle and suturing them to each other, the defect was closed ([Figure 3B, C](#F3){ref-type="fig"}). Thereafter, the volume of the inframammary region was created using an AAF ([Figure 3D-F](#F3){ref-type="fig"}).

In the case shown in [Figure 5](#F5){ref-type="fig"} (case 5), an AAF was combined with a RBT and therefore, the outer and inner incision lines around the areola were marked. The distance between the inner and outer incision lines was adjusted in order to prevent the deviation of the NAC, the same as when the modified RBT was used. The skin was cut in a crescent-shape on the excision side (the blue area in [Figure 5B](#F5){ref-type="fig"}); however, the area between the outer and inner incision lines was the only de-epithelialized portion on the other side of the excision side (the purple area in [Figure 5B](#F5){ref-type="fig"}). After a partial resection of the breast was performed (the red area in [Figure 5B](#F5){ref-type="fig"}), the defect was closed by the mobilization of the gland flaps off the pectoralis muscle and by suturing them to each other. Subsequently, the volume of the inframammary region was created using an AAF (yellow arrows in [Figure 5B](#F5){ref-type="fig"}).

In the case shown in [Figure 7](#F7){ref-type="fig"} (case 7), an AAF was combined with a medial mammoplasty and thus, the skin resection line on the tumor and the line around the areola (mirror image of a lateral mammoplasty) were marked. In order to prevent the deviation of the NAC, the NAC was moved by de-epithelialization ([Figure 7C](#F7){ref-type="fig"}). After a partial mastectomy and filling up the resection area by the surrounding glandular flaps, absorbable interrupted sutures were inserted into the subcutaneous tissue and the dermis layer of the neo-IMF from the inside and it was checked by the elevation of the flap by applying traction on the sutures ([Figure 7D](#F7){ref-type="fig"}). After the sutures were tied to fix the neo-IMF, the skin was closed ([Figure 7E](#F7){ref-type="fig"}).

All patients had undergone sentinel lymph node biopsy. Six patients had no metastasis in the sentinel lymph nodes, allowing them to avoid an axillary lymph node dissection. One patient with metastasis in the sentinel lymph nodes underwent an axillary lymph node dissection. The operation was performed by breast surgeons without the help of plastic surgeons.

The length of the operation and the total blood loss ranged from 64 to 118 minutes (average, 100.3 minutes) and from 0 to 26 g (average, 14.7 g), respectively. Although the patient who was treated with an AAF combined with RBT had a partial blood-flow insufficiency of the NAC, it was improved with conservative treatment. One patient had to undergo re-excision of the breast due to a positive margin (case 7). Two patients refused postoperative radiation therapy, whereas the other five patients received radiation therapy to the breast after wound healing, as usual.

The cosmetic outcome was evaluated based on photographs taken more than 10 months after the operation. Photographs of the patients\' breasts were taken using a frontal view, left oblique and right oblique views, without any identifying features. The cosmetic results were evaluated by nine independent observers (eight breast surgeons and one plastic surgeon) as \"excellent,\" \"good,\" \"fair,\" or \"poor\" using the Harvard Scale established by Harris et al. \[[@B10]\]. An excellent result was considered to have been achieved when the treated breast was almost identical to the untreated one. For a good result, the treated breast was slightly different from the untreated breast; for a fair result, there was an obvious difference between the two sides without a major distortion; a poor result was considered to be present when the treated breast was seriously distorted. The observers were blinded to the identity of the patients. The results were found to be excellent ([Figures 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}) in three cases (42.9%), good ([Figure 5](#F5){ref-type="fig"}) in three cases (42.9%) and fair in one case (14.2%). Poor results were not seen in any of the present cases. None of the patients wanted to receive contralateral breast surgery for symmetrization.

DISCUSSION
==========

Three elements affect the cosmetic results of BCS. These include the excision volume, tumor location, and glandular density \[[@B11]\]. A resection of the lower portion of the breast can easily cause a deformity, and studies have suggested that there is a clear risk of deformity if 20% of the breast volume is excised \[[@B1],[@B11]\]. Therefore, when the excision volume exceeds 20% of the breast volume, especially in the lower portion of the breast, it is difficult to achieve good cosmetic results using only classical BCS techniques.

In European countries, oncoplastic techniques for breast-conserving reconstruction have been popular for more than 20 years ago, and many oncoplastic techniques have been reported \[[@B2]-[@B4]\]. However, many of these oncoplastic techniques involve reduction mammoplasty techniques are suitable for fatty large breasts of Western patients. In addition, the glandular density, which is one of the factors that affect the cosmetic results in BCS, is quite different in Western compared to Asian females. Many Japanese females have small dense breasts. Therefore, it is necessary to develop a new oncoplastic method suitable for small dense breasts.

We have previously reported an inframammary adipofascial flap \[[@B12],[@B13]\] as a method for patients with a large defect in the lower portion of a small dense breast, who are not candidates for a reduction mammoplasty technique. For patients with a small defect in the lower portion of a small dense breast, the Crescent technique \[[@B14]\] is considered to be a good choice. In addition, as reported here, an AAF is very useful for filling the defect after BCS that includes the lower portion of the breast in the excision range. Although an AAF is a kind of volume replacement technique, there is little damage to the donor site because the abdominal skin, which is a little loose, is the only area pulled up.

For the defect in the lower portion, we used the above techniques for every case. Due to the fact that the skin is undermined with subcutaneous fat upon reaching the neo-IMF when using an AAF technique, it is difficult to use an AAF for fatty breasts, because there is a high risk of the patient developing fat necrosis when the undermining of the skin is performed on a wide scale. In addition, it is difficult to use the Crescent technique and an inframammary adipofascial flap for these fatty breasts, because patients with fatty breasts are usually obese and their inframammary adipose tissues are fatty, and fat necrosis can easily be caused by mobilization. Therefore, reduction mammoplasty has been the first choice of procedure for large fatty ptotic breasts. Both the Crescent technique and an AAF are suited for small dense breasts, and both techniques can only fill up defects of about 10% to 15% of the breast. Therefore, we use a Crescent technique or AAF for relatively small defects of small dense breasts. In general, we use a Crescent technique in cases in which the resection area is close to the IMF and the skin is cut open on the IMF. We have been using an AAF in cases where the resection area is far from the IMF or the skin incision of the IMF is not suitable because of the need for a skin excision above the tumor. In addition, since an AAF only lifts up the skin, the risk of blood flow insufficiency is lower than that associated with the Crescent technique. We use an inframammary adipofascial flap for large defects in small dense breasts. However, a skin incision on the IMF is usually necessary to an inframammary adipofascial flap procedure. Therefore, an inframammary adipofascial flap is not indicated for patients who cannot receive an IMF incision because of the need for skin excision above the tumor. A method combining an AAF with other volume displacement techniques might be well suited for such a case.

With regard to complications, one case had partial blood-flow insufficiency of the NAC. However, we believe that the AAF was not the cause of the insufficiency, and this is considered to be a complication due to the RBT, which moved the position of the NAC. Of course, the blood-flow insufficiency of the NAC might have been caused by a strong traction of the skin, because the field of view while creating the AAF was poor when the skin incision of the RBT was made. Therefore, in order to ensure the field of view, we should have chosen a combination with medial mammoplasty instead of RBT in this case.

For the AAF, it is important to create a smooth neo-IMF. Therefore, it is important to check that the neo-IMF is smooth by elevating the flap by applying traction on the sutures after absorbable interrupted sutures are inserted into the subcutaneous tissue and the dermis layer of the neo-IMF from the inside. Fixation to the chest wall is performed after checking that a smooth neo-IMF has been created.

Although there is not much volume obtained by using an AAF and moreover the area which can be filled up by an AAF only includes the lower portion of the breast, it is sufficient to help fill a small defect of the lower portion of a small dense breast after BCS. Moreover, it can also be used to fill a relatively large defect by combining it with other volume displacement techniques, as we have done. In this report, there were no major complications, and good cosmetic results were obtained in most cases. Furthermore, although reduction mammoplasty techniques require a certain amount of training, the AAF procedure is very easy, and can be performed by breast surgeons without the help of plastic surgeons.

Based on the present study, we believe that using an AAF or combining an AAF with other volume displacement techniques is a useful procedure for treating the volume defect resulting from BCS in the lower portion of a small dense breast, in which a reduction mammoplasty is not indicated.
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![The surgical procedures for using an abdominal advancement flap (AAF) combined with a lateral mammoplasty and the extended mobilization of the gland flaps (case 3). (A) Preoperative drawings. The lines mark the partial resection area, the area of the extended glandular flap, the original inframammary fold (IMF) and a neo-IMF. The skin incision line for the lateral mammoplasty was also marked. (B) After the skin incision was made and de-epithelialization was performed. (C) After remodeling the breast using an extended grandular flap. (D) Creating the neo-IMF by elevation of the AAF by applying traction on the sutures.](jbc-16-236-g001){#F1}

![Photographs of case 3 taken 1 year after the operation. (A) A left oblique view with the patient in a standing position. (B) The frontal view with the patient in a standing position. (C) A right oblique view with the patient in a standing position.](jbc-16-236-g002){#F2}

![The surgical procedures using an abdominal advancement flap (AAF) combined with a modified round block technique (RBT) (case 4). (A) Preoperative drawings. The lines mark the partial resection area, the original inframammary fold (IMF) and a neo-IMF. The skin incision line for the modified RBT was also marked. (B) A schematic diagram of the process of closing the defect by mobilization of the gland flaps. (C) Suturing the gland flaps to each other. (D) A schema of creating the AAF. (E) Creating the neo-IMF by elevation of the AAF by applying traction on the sutures. (F) A schema of fixation to the chest wall.](jbc-16-236-g003){#F3}

![Photographs of case 4 taken 10 months after the operation. (A) A left oblique view with the patient in a standing position. (B) The frontal view with the patient in a standing position. (C) A right oblique view with the patient in a standing position.](jbc-16-236-g004){#F4}

![An abdominal advancement flap used in combination with a round block technique(RBT) (case5). (A) Preoperative drawings. The lines mark the partial resection area, the original inframammary fold (IMF) and a neo-IMF. The skin incision line for the RBT was also marked. (B) The blue area is the area of skin that was resected. The purple area is the de-epithelialized area. The red area is the partial mastectomy area.](jbc-16-236-g005){#F5}

![Photographs of case 5 taken 1 year and 5 months after the operation. (A) A left oblique view with the patient in a standing position. (B) The frontal view with the patient in a standing position. (C) A right oblique view with the patient in a standing position.](jbc-16-236-g006){#F6}

![An abdominal advancement flap combined with a medial mammoplasty (case 7). (A) Preoperative drawings. The lines mark the partial resection area, the original inframammary fold (IMF) and a neo-IMF. The skin incision line for the medial mammoplasty was also marked. (B) Photographs taken 2 months after the operation (before reoperation). (C) After the skin incision was made and de-epithelialization was performed. (D) Creating the neo-IMF by elevation of the AAF by applying traction on the sutures. (E) The skin closure.](jbc-16-236-g007){#F7}

![Photographs of case 7 taken 1 year and 3 months after the reoperation. (A) A left oblique view with the patient in a standing position. (B) The frontal view with the patient in a standing position. (C) A right oblique view with the patient in a standing position.](jbc-16-236-g008){#F8}

###### 

Summary of clinical manifestation and operation results

![](jbc-16-236-i001)

Bp =breast partial resection; SNB=sentinel node biopsy; Bq=breast quadrantectomy; Ax=axillary lymph node dissection; RBT=round block technique; NAC=nipple-areola complex.

^\*^The excision volume compared to the total breast volume was estimated by using the photograph of preoperative marking of a partial resection area.
